Thermal unfolding of Apo and Holo Desulfovibrio desulfuricans flavodoxin: cofactor stabilizes folded and intermediate states.
We here compare thermal unfolding of the apo and holo forms of Desulfovibrio desulfuricans flavodoxin, which noncovalently binds a flavin mononucleotide (FMN) cofactor. In the case of the apo form, fluorescence and far-UV circular dichroism (CD) detected transitions are reversible but do not overlap (T(m) of 50 and 60 degrees C, respectively, pH 7). The thermal transitions for the holo form follow the same pattern but occur at higher temperatures (T(m) of 60 and 67 degrees C for fluorescence and CD transitions, respectively, pH 7). The holoprotein transitions are also reversible and exhibit no protein concentration dependence (above 10 microM), indicating that the FMN remains bound to the polypeptide throughout. Global analysis shows that the thermal reactions for both apo and holo forms proceed via an equilibrium intermediate that has approximately 90% nativelike secondary structure and significant enthalpic stabilization relative to the unfolded states. Incubation of unfolded holoflavodoxin at high temperatures results in FMN dissociation. Rebinding of FMN at these conditions is nominal, and therefore, cooling of holoprotein heated to 95 degrees C follows the refolding pathway of the apo form. However, FMN readily rebinds to the apoprotein at lower temperatures. We conclude that (1) a three-state thermal unfolding behavior appears to be conserved among long- and short-chain, as well as apo and holo forms of, flavodoxins and (2) flavodoxin's thermal stability (in both native and intermediate states) is augmented by the presence of the FMN cofactor.